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FOREWORD

Shell_e.gga axe an important item of subslstence for the Avmed Forces
Wherever they serve, The study reported herein wes undertaken to determine
the effect of the pusition of the small end of the egg (down or up), sheking
of the: gggs_'gc_: g;l.mu;l.a.'l;e motor t_rju:ek transporta’gion and the time in storage
on the qg;l;tq:of p;ocurement g;ade ahell_eggs. The Btudy reaulped from
& military supply problem concexaing the percentage of "upgide down" eggs

allowed In & case of eggs., The llterature yielded little pextinent inform-

ation, )

This study was performed under Production Engineering Task lO'i_'-hE-h60.

??_s.j appreciate the 1391];_) of Mr. Frt_agriek J}:._p’ostanza.,. General Eq_p_ipment
and Pa:ekp,g_i;pg lLaboratory, in setting up the apparatus used in the shaking
of the eggs.
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ABSTRACT

Pederal Specification C-E-271 entitled Eggs, Shell requires +hat not
moxre thaq 5%_can be packed with the small end of the egg wy. The inability
of some egg packers to consistently comply with the tolerance prompted an
1nvestig§tion to determine the importance of the position of tne cgg on
quality after shaking tc simulete transportation and long term storage.

Three experiments were conducted. In each experiment one~half of the
eggs were stored with the small end down anq one-helf with the small end
up. TFor exgerimept 1 the eggs were stored quiescently for up to 6 months.
Ror expgrimeqt 2 ong-half of the eggs were shakep for 3.5 hours prior to
stoerage, The eggs were stored‘for up to T weeks. For experiment 3 one-
third of the eggs were stored duiescently, one-third were shaken for 2.5
hours anq one-third were shaken for 7.5 hours prior to storage for up to
14 weeks.

Results spow thaﬁ without shaking the storage time Influences the
deterioratioq of the qpality of the eggs to a greater extent than the po-
sition of Fhe egg does. Results of experiments 2 and 3 indicate that
sheking 1s, in general; the most important factor and storage time and
position of the"eggs assume g lesslimportant Place in influencing changes
in egg weight{_albumen height and quality score. However, the interior
quality, as measured by the amount of deteriorstion found, was better mein-
tained in the”egga stored small end up. Spaking of the eggs resuited in
more deterioration than in eggs not shalien.

Based upon the results of this study the requirement restricting the
percentage of eggs that may be packed small end up will be disregarded and

will be deleted from the specification in future revisions of the document.
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INTROLUCTION

Shell, egga form an important part of the dlet of ths U,S. military men
in whatever part of the world he 1s serving., The lenghbh of the military
supply line and the perishable nature of the egg rsquire that the product re-
ceive the best care possible from procduction to consumpiion. The time be-
tween procurcment by the Department of Defense (DoD) and serving to the
consumer in overgess gress is estimated 2t up to four months.

The DoD purcheses procurement grade eggs in sccordsncs with the resulre-
ments stated in Federsl Specification C-B-271 entitled Eggs, Shell. One of
the requirements in the specifieation stetes thet not more than 54 of the
eggs can be packed with the small end of the egg ww. The tolerance i3 neces~
sary because some mechanicel egg grading and packing equipmsnt canrot &t times
differentinte the smzll end from the large end of the egg. The insbility
of svme egg packers to conelstently comply with the tolermnce for "wpside down"
eggs prompted sn investigation to determine the importance of the position of
the egs, smell end down Gr up, on guallty after simuleted trensportation £ad
during long term storsge. The literature of the field ylelded little inform-
ation appliceble to this militery supply situation.

The adnmonition to pack eggs with the smzll eai down hz2s been echoed
from the earliest shipment of eggs to the present time. Pennington e% sl.
(1633) discuss the changes in the practice of delivery of eggs to the
consumer. When the producer &nd consumer were closge to ecach other, direct
delivery of eggs was the custom. As producer and consumer moved farther

end ferther apart the ezgs were shipped, handpacked, smsll end down, in
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hogsheads with straw or grain used as & buffer against shock and breskage,
The method of handling eggs has changed from hand-packing to mechaniecal
sizing and paek;ng. However, even as revoluticnary changes have occurred
in metheds of handling eggs, packing eggs with the small end down has been
advised (Benjamin and Plerce, 1937; Winter and Funk, 1946; Dawson and Hall,
1954 ; Orel and Musil, 1956; Goodwin et 8l., 1962).

The baslic reascon for pecking eggs with the small end dewm is economic.
Egzs are sold by their candled quality. The candled quality is better main-
tained when eggs are kept smell end down during hendling. Dawson and Hall
(195h) found an average decrease in the candled index of 0.55 for eggs
packed with the small end down, but for eggs packed with the smell end up
the candled iudex Qeqreased 1.6 points during 14 days of sﬁprage. They
found thg_albumqn quality to be slightly, but not significantly, bLetter
in eges packed with the smell end up after the storage perled. Goodwia
et al. (1962) reported that the albumen condition of eggs stored with the
small end up was significantly better than eggs stored with the small end
dowm. Candling of the eggs, however, revealed more off-centered yolks in
The eggs stored emsll end up. Brant and Sanborn (1963) fownd just the
opposite i.e. that holding eggs large end up resulted in the poorest cen-
tering of the yolk. Orel snd Musil {1956) noted that albumen index was 6
to 7% lower for eggs stored with the small end down. Anslysis of verisnce
of the results showed this difference to be significant.

Few gtudies have been reported on the effect of transportetion on
quelity changes in shell eggs. Gwin (1952) tound quality loss to be related

to time in transit, distence in miles traveled and season of the year., Adams

and Milam (1960) shipped selected eggs from Lincoln, Nebraska to Rio de Janeiro,
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Brazil, The avarage Heagh score changed from 8%.6 to T4.% daring tne %0 day
in transit, Adams and Skinmer {1962, 1963) found that the position of the
cazes of eggs in vhe @ruck influenced the Haugh score to 4 grester extent than
did a 10 day differevice in the aue of the eggs at the time of shipment. The
eggs in the study vere shipped from Lincoln; Nebraghks t5 Hastings, Nebrasgks,
(100 miles; non~refrigersted truck) then to Tuceon, Arizoms (1200 miles; re-
frigersted ogg trucks). Aho et &l., (19§7) found no significent influence
contributed bx thg“or;entﬁti9n of the small end of the egg when eggs were sub-
Jected to short.;ength transport&tion.anq holding for 10 qays.

The eggs used in the research reviewed above were generslly selected
sccording ﬁo_factors such as pregd of the hen, the sge of the hen, 2nd the
segson in q@;cp_phe egg was laid., These factors are not congidered in the
specific&t%on_for shgll eggs. The experiments were generzlly of ghort durs~

tion. Usually eggs were stored for pariods not exceeding 30 days.
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EXPERIMENTAL METHODS

Three experimenuvs were conducted. The eggs used in the experiments were
fresh production, shell protected, Procurcment Grade I (U.S.D,A. 1969). ILarge

slze eggs vere used in experiment 1 and medium size eggs in experiments 2 and

3. ALl cgmgs werc obiained from & local vendor supplying procurement grade eggs

to the militery. New commercisl 30 dozen egg cases and 5 x 6 egg trays were
used in each experiment. The eggs were prepared for storage in & room main-
tained at S50F to prevent sweating. All eggs were examined initially and

cracks, checks and leakers were dlascarded.

Experiment 1. Six cases (30 dozen eggs per case) of eggs were packed

with the small end pf the egg down and six cases with the small end of the
egg up. _Sig eggs from each tray, one egg from each corner and two from the
center, were weighed prior to storage. '“he eggs were stored at 4O to L5F and
80 to 85% relative humidity for up to 6 months. One case of eggs was used
Tor the initial examination. Two cases of eggs, one case with the eggs smell
end down anq cne cage with the eggs small end up, were examined eacp menth.

Experipent 2. Fifteen cases of egge were used in experiment 2. One

case was used for the initial examination. One-half of each of the remaining

1k cases was packed with the eggs small end down and the other half of each

case with the eggs smell end up. Six eggs from each tray, one from each corner

end two from the center, were weighed and candied. Only grade A eggs were used

in the six positions.

Seven cases ot c¢gge were sheken for 30 minutes by the procedure described
below. The eggs were then placed into storage at 40 to 45F. After one week
the T cases were removed from storage, one case war used for examination and
the remaining 6 czses were sheken for 30 minutes and returned to storsge.

This procedure wa3 repeated st each withdrawzl.




The remzining 7 ceses of eggs were shaken for 3.5 hours prior to storage.
One case was examined &% each weekly withdrawel,

Experiment 3. Fowrty-five cases of eggs wers prepered for storags &5 des-
cribed for experiment 2, Fifteen cases of eggs were aiorsd without fuvther
trestment, 15 ceses were ghaken for 3.5 hours &nd 15 cugsg wers shaken for
7.5 hours, The initiel examination was made on 3 cuses ol egas, one cumse
from esch treatment. The zemuining casges were stored =t 40 to %5F and one
cage of =ach trestment wes exarined at each weekly withazawsl,

Procedure used for shaking the eges. The eggs from experiments 2 and

3 were shaken to simulate motor truck transportetion. The spparstus used

was a Vibrating Package Testing Machine, Type 1000, msnufactured by the I.A.B.
Corporation, Summit, New Jersey. The test was made on this spparatus bscauee
1t closely duplicates freight car and motor truck destructive forces, The
eggs were subjected to & sgynmchronous circulsr motion in vertical plare, at a
speed of 200 r.p.m. The eggs were subjected to & force calculsted to be 0.8 G.
The test procedures were based upon the Stand=rd Method for Vibraticn Testing
for Shipping Containers, D-999-68 (A.S.T.M., 1969). Procedure 4 of the method
was used 1.e., the cases of eggs were not fastened to the bed of the tester,

Examination of the =ggs. At each exzmiunation the eggs that hzd been

welghed prior to storage were reweighed and the egge frem cexperiments 2 and
3 were recandled and graded A. B. C or loss. All eggs were examined for
mold growth on the shell and for cracks, checks snd lezkers,
Each egg was brox«n out &nd the interior quality exsmined by two methods:
(1) graded mccording to the U,S. Department of Agriculture (U.S.D.A.) chers

"Interior Quality of Ezg=" end (2) the content of each egg wes ex=mined Tor
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the interior quality factors oullined in the U.85.D.A. Agriculture KHandbook
No. 75 "Egg Grading Menusl". The height of the albumen of eech of the eggs
thet had been weighed was measured with a disl micrometer gauge.

?he effect of the position of the egg, the time in storage ard shaking
the egg were evalusted bty (1) the change in weight, (2) the candled grede,
(%) the internsl grade, (&) the change in the height of the albumen, (5) the
internel quality and (6) the chenge in the calculated quality score. The
quality score was calculated from the data for weight of the egg and the height
of the albumen. The equation presented by Brant et al. (1951) was used to cal-
cuinte the quslity score:

0.37

Q. 5. = 13.25 -12.5Log (H-1.7 W + 7.6)
vhere: M is the height of the albumen in millimeters and W is the weight of
the egg in grams.

The data were tested by an analysis of varience procedure. The analysis

of yarisnce results were tested by the method of Hicks (1954) to determine

the components of varisnce.
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RESULTS AND DISCUSEION

Initiel quality of the cgegs. Two to &% of the egys were candled &%

the suppliers plant, prior to delivery, by the resident U.S.D.A, grader,
The eggs graded 93 to 98% A; 1 to 5% B; snd 1 to &% dirtiss and checks,
The quality of the eggs is well within the tolexance et fur v oo
rent grade eggs by the U.S.D.A,

Experiment 1. CGradunl deterioration in the internal grade occurrad

during the first 4 months of storage. Table 1 shows, however, that between

the 4th and 6th months of storage the eggs Jeclined precipitately in gaslity.

The initisl zverage quality &s determined by internsl grade indicated 93% A
quality. 4after 4 monthe of storage Ti% of the eggs were A quelity. After
6 months the quality hed declined to 26 and 23% A grede eggs for eggs stored
small end down end up, respectively. A conromitant increase in the percen-
tages of B end C quality eggs wie noted. Tahle 2 shows the type of deteri-
oration and the nunber and percent of eggs showing deterioration during the
€ months of storage. Only 0.15% of the egge were clsssi®ied ms loss.

The average weight loss was 0.1 g. after 1 month and 2.3 g. efter 6
morths of storage. The helght of the albumen decreased from sn average
vaive of %,1 mm, at the initial examination to 3.6 snd 3.7 mm. after 6
months for eggs stored emall end down and up respectively. The guality
score changed during storage from an initisl value of 6.0 to 6.5 andg €.k
for eggs held sm2ll eud down and up respectively. Results indl.s
the prnesition of the cgg, ammll end down or up, 15 nob an importeal (welor

in the decline of quality when messured by the height of the albumsn ani the
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qulity score when eggs are stored quiescently. The time in storage is the
dominant factor. Table 2 shows that a slightly greater percentage of eggs
stored smell end down showed detericration than eggs stored small end up.
The difference wes not shabistically significant.

Table 3 shows the results of the analysis of variance and the calculated
percentages of the varisnce atéributable to storage time and position of the
egg. The table confirms thet the position of the egg has no significant in-
fluence on the quality factors: welght loss, quality score, and internal
grede., The porition of the egg was a significant influence {p>0.005) on
the change in the height of the albumen.

Experiment 2. Examinstion of the eggs out of storage revealed 0.1%
erackz and 0.8% leakers for the total ex—eriment. When the data were examin .
eccording to the shaking pattemrn 0.1% ecracks and 0.5% leakers were found in
the eggs shaken intermittently during storage but enly 0.1% each cracks and
leakers were found in the eggs shaken prior to storage. -

The effect of shaking on the grade of shell eggs as measured by candied
{Table &) and internal (Table 5) grede could not be determined, The re.ults
were erratic and no pattern of quality change could be delineated. Larzelers
(1951) observed somewhat the same behavior when he followed eggs from their
source on the farm to the retail store. He found that for every 100 grade A
ezgs on the farm 28 to 96 eggs were still grade A at the retail store.

Teble 6 shows the type of deterioration and the percent of eggs showing
deterioration in experdiment 2. Comperison of the deterioration factors ob-
served in experiment 2 with those in experiment 1 {Table 2) shows that &
greater variety of serious defects were found in experiment 2. However, the

¢rte show that while 15.7% of the eggs bad some kind of defect only 0.7%
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were classified as loss. The effe.t of the pattern of ghaking was noted.
When eggs were shaken intermittently during storage 6.8% deterioration was
found, whereas when eggs were shaken prior to storage 25.9% showed deterio-
ration.

Table T presents the results of the anzlysis of variance and the percen-
tage of variation for experiment 2. The iible shows +that the position of
the egg was not a significant influence. The time in storage hecame less im-
portant than skown In experiment 1 when shsking was introduced as a factur,
except for the change in weight where it contributed over 1/ 5 of the variance,
The importance of shaking is shown in the t¢ble. However, Teble 8 zhows very
little change in the average values for weight, slbumen heighi and the cal-
culated quality score from the initial examination to the 7 week withdrawsl,

Experiment 3. The eggs were <xamined for condition of the shell at each
withdrawel. For the totel experiment 0.3% of the cggs had mold growth, 0.7%
were clessified as cracks.

The candled (Table 9) and internsl (Tabtle 10) grades showed erratic re-
sulte and no statistical anslysés were conducted.

Table 1l shows the type of deterioration and the number and percent of
eggs showing deterioration during 1% weeks of storage. The table clearly
shows that eggs stored small end dovn deterlorate to a greater extent than
eggs stored smzll end up under the saﬁe conditions.

The effect of shaking on egg loss was determined. For the totel experi-
ment 2,6% were classified ss lozs. When the egge were stored without shaking
0.3% were loss; the position of the egaz showing no influence. After shaking
for £,5 houvrs the eggs stored small end down and up had 3.5 and 1.6% loss,
respectively, during the gtorage period. After 7.5 hours of shaking 6.4 and

3.3% loss wus found for eggs stored small end down s=nd up, rem;pectively.




Au shnorm=l odor was noted In 0.05% of the eggs when they were broken out.

Little chenge was noted in the gquality score during the 14 week storage
pe=riod for eggs not shaken prior to storage. The quality score changed from
5.2 to 6.3 for eggs sheken for 2.5 hours and from 6.1 to 6.9 for eggs shaken
for 7.5 hours prior to stomge. Examination of the date for quaslity sccre
by position of the egg shows that when eggc were stored small end down the
quality score changed from 5.3 to 6.3. When the eggs were stored small end
up the quality score changed from 6.0 to 6.3.

At the time of initial examination & 0.1% and 0.1l gram weight loss was
noted for eggs shaken for 2.5 and 7;5 hours respectively. After 1k weeks of
storage the average weight losc ranged from 1.1 to 1.4 grams.

The height of the albumen had an initial average value of 4.3 mm. During
storage the height decreased to 3.9, 3.3 and 3.0 for eggs stored without shaking
and eggs shaken for 2.5 and 7.5 hours, respectively.

Table 12 shows the results of the analysis of variance and the caleculaved
percentages of the variance attributeble to storage time, shaking and position
of the egg, down or up, for the quality factors of weight loss, height of the
albumen and guality score. In addition, the data for weight lor were sne-
lysed for the influence of the plsce of the egg in the tray ana .ne place of
the tray in the case. ™he tzble_clearly shows the influence of shaking on
the height of the albumen and guality score. The position of the egg exerts
considerable influencz on the results, whereas the time in storage contributes
only & smell part of the veriance. The place of the trazy in the case showed
A marked influence on the weight loss contributing about 2/3 of the variance.

The table shows that the position of the egg was not a significant

10
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factor in the data for welght loss, and the place of the egg in the tray con-

tributed only & small part of the variance.

In general, a greater percentage of defects occurred in epgs stored small

end down than in eggs stored small end up (Tables 2, 6 snd 11), It would seem

logical from the consumer's stendpolnt to puck eggs with the small end up to
ald in extending thelr storage life. A problem arises, however, because the
egg distritution industry is geared to packing eggs with the smell end down,
and because the ecandled quality, the basic gquality determinant to commerce,
is better maintained when egys are packed smell end down. A solution would
be to invert the eggs in the case oY package by inverting the entire unit
after final candling and prior to placing into storsge or distribution.

A modification in the design of the egg tray and carton would be required to

make the egg cup bigger to accommodate the large end of the egg.
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SUMMARY AND CONCLUSIONS

The insbility of some egg packers to consistently comply with a tolerance
of 5% for "upside down" eggs prompted an investigation to determine the im-
portance of the position of the egg smell end down or up, on quality during
zimulated transportation and long texm storage. The literature of the field
ylelded 1little information applicable to this military supply problem.

Three experiments were conducted. In each experiment one-half of the
eggs were stored small end down and one half were stored small end up. For
experiment 1 the eggs were stored quiescently for up to 6 months &t 4O to LUSF.
For experiment 2 one lot of eggs was shaken for 2.5 hours prior to storage
and one lot was shaken for 2.5 hours in 30 minute increments during storage
for T weeks at 40 to USF. For experiment 3 one~third of ths eggs were stored
quiescently, one-third were shaken for 2.5 hours and one~third were shaken
fox 7.5 hours then stored for up to 1% weeks. Shaking was done on an eppe-
matus designed to simulate motor truck transportation. Data were obtained
on changes in weight, candled grade, internal quality, helght of the z2lbumen
and quality score.

The results show that when eggs are stored quiescently es in experiment
1 the time in storage is the most important factor influencing quality
changes in the eggs. The position of the egg is not a significant influence
in the factors of weight loss and quality score and is o significant factor
only at the 5% level for changes in the height of the albumen.

When shaking is introduced as & variable (experiments 1 and 3) it be-

comes the most important factor in influencing quality changes as measured
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by the height of the albumen and quality score but has less influence on the

change in weight., The time in storage 1s a siznificant factor but contributes

only 1.5 to 3.7% of the variance for the height of the albumen and quality
score. Storage time is more important in influencing changes in weight con-
tributing between 16 and 22% of tre variance. The position of the egg d1d
not influence the results of experiment 2 for changes In welght, height the
albumen and quality. score. In experiment 3 the position of the egg was a
significant influence on the height of the albumen and quality; contributing
about 30% of the total variance.

Sheking of the eggs resulted in more deterioration than in eggs not
shaken., About 3.8 times the number of eggs were deteriorated when the eggs
in experiment 2 were shaken prior to storage than when eggs‘were shaken in-
termittently during storage. The length of shaking prior to storage also
influenced the amount of deterloration noted.

The position of the egg was an important influence on the amount of de-
terioration noted. The eggs stored smell end down had about twlce as many
deteriorated eggs as the eggs stored small end up.

Baged upon the results of this study the requirement restricting the
percentage of eggs that may be packed small end up wili be eliminated from

Federal Specification C-E-2T71 Eggs, Shell.
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Tab;e L.

Changes in the Grade of 'Shell Eggs

‘Grede. Experiment 1,

as Measured by the Internal

PERCENTAGES OF EGGS
STORED SMALL END

PERCENTAGES OF EGGS
STORED SMALL END

DOWN GRADING UP GRADING

MONTHS

IN

STORAGE AL A B C 1038 AL A B C 10SS
0 2 93 4 1 o

1 2 88 T 2 < 2 9 6 <1 <1
2 <1 8¢ 15<1 © 0 8 1 3 o0
3 0 1 166 0 0 83 15 2 0
4 <1 :rh 20 5 <1 1 T{L el b4 <1
5 0 38 43 19 O 0o k2 39 18 <«
6 0 26 48 25 <1 0 23 L6 30 <1
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Table 2. Type of deterioration and the number and percent of egge showing
deterioration initially and during storage at 4O to 45F for 6

months., Experiment 1,

360 Eges 2,160 Eggs 2,160 Ezgs
Stored Small Stored Small
Type of Deterioration Initial End Down End Up
%
Albumen off colox 0.0 0.0 0.1h
Bloody white 0.0 0.05 0.09
Stuck yolk 0.0 0.14 0.0
Meat or blood spots 0.6 1.39 1.25
Cloudy white 0.0 0.0 0.05
Mottled yolk 2.2 4,L9 3.15
Number and percent of eggs
showing deterioration (by 131 101
position) (6.1%) (L.7%)
Number and peicent of =ggs 22
showing deterioration (Total) (5.2%)
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Table 6. Type of deterioration and the number and percent of eggs showing
deterioration initially und during storage at 40 to LSF for 7 weeks.
Experiment 2.

2,o=0 eggs stored 2,>20 eggs stored
small end down small end up
360
eggs 1,260 eggs 1,260 eggs 1,260 eggs 1,260 eggs
initial shaken shaken shaken shaken
during before during before
storage atorage storage storage
Deterioration %
factor
Albumen off-colox .0 0.1 3.1 0.3 2.1
Bloody white 0.0 0.1 0.0 0.1 0.0
White rot 0.0 0.0 0,0 0.0 0.4
Green rot 0.0 0.0 0.1 0.1 c.2
Black rot 0.0 C.0 0.1 0.0 0.1
Mixed rot 0.0 0.1 c.1 0,0 0.0
Sour 0.6 0.1 0.0 0.0 0.8
Meat or blood spots 0.3 0.4 0.3 0.2 0.1
Cloudy white " 0,0 0.0 0.2 0.3 0.2
Mottled yolk 6.0 8.4 28.9 3.3 14,9
No. und percent of eggs 115 bk 56 239
showing deterioration (by (o.2%) (32.8%) (h.3%) (11.7%)
position end shaking pettern)
No. and percent of eggs 529 295
showing deterioration (21.0%) (11.7%)

(by position)

No. and percent of eggs 849
showing deterioration (total) (15.7%)
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Table 7. Results of the analysis of variance (ANOVA) and the calculated
percentage of variation for experiment 2. .
Change in weight Height of albumen Quality score
Percentage Percentage Percentage
of of of
Factor ANOVA variation ANOVA variation ANOVA variation
Storage time Lb 22,2 *% 1.5 *¥ 3.2
Shaking *E 76.0 ** 97.4 * 9h.3
Position of egg N, 8. - h.5. - NeBs -
Storage time X ** 1.7 *E 0.5 *% 1.0
shaking .
Stomge time X N.B. - ot 005 ¥ 103
position of egg
Shaking X NN,E. - NG, - s 7% : L]
position of egg
3-factor interaction n.s. - B 0.1 *E 0.2
- !

Not accounted for - < 0,1 - < 0.1 - < 0,1

¥*% p > 0,01

n.s., not significant




Table 8. The average weight, height of albumen and quality score initially

and after T weeks of storage. Experiment 2.
Eeight of
Weight (g) Albumen (mm) Quality score

Conditions

Initial T weeks

Initial T weeks

Initial T weeks

Eggs stored small
end down; inter-
mittent shaking

Egge stored small
end up; intermit-
tent shaking

Eggs stored small
end down; shaken
pricr to storage

Bzgs gtored small
2nd up; shaken
Prior to storage

5209 5201 3.2

52,9 50.9 3.9

52,6 52.2 3.2

52'9 52-13 3'9

h.2 6.9 6.1t
T.2

3.9 5.7

207, 609 6-3

2.9 5.7 T3
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Table 11, Type of deterioration and the number and percent of eggs showing
deterioration during storage at 40 to 45F. for 1k weeks.
Experiment 3.

Type of deterioration Eggs stored with small end down Eggs stored with amall end up

No 2.5 hrs 7T.5 hrs No 2.5 hrs 7.5 hrs
shaking shaking shaking shakir. shaking shaking
¥
Albumen off color 0.11 0.92 3.Ti 0.11 0.26 0.96
White rot 0.0k 1,11 1,26 0.0 0.18 1,18
Elack rot 0.06" .83 2.70 0.0 0.37 0.7k
Mixed rot 0,07 0.T4 1.62 0.15 0.22 0.89
Stuck yolk 0.15 0.7k 0.85 0.15 0.78 0.22
Meat or blood cpots 0.18 0.67 0.37 0.55 0.11 0.26
Cloudy white 0.52 0.89 1.37 0.78 1.85 8.37
Mottled yolk k.07 16.7h 27.4h4 2.18 B.37 8.23
Green-white C.0 0.0k 0.0 0.0 0.0 0.0k
Bloody white 0.04 0.0 0.0 0.0 0.0 0.0
Green rot 0.0k 0.0k 0.0 0.0 0.0 0.0

ey |
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No. and percent of eggs 141 104

615 1,06k 22k 554
showing deterioration (5.2%) (22.8%) (39.k%) (3.9%) (8.3%) (20.9%)
(by shaking pattern)

No. and percent of eggs 1,820

882
showing deterioration (22.5% of eggs small end down) {10.9% of eggs small end up)
(by position)

Ho. and percent cf eggs 2.702
ehowing deterioration (16.7% of total)
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Table 12, Resvlts of the analysis of . variance {ANOVA) and the calculated
percentage of variation for experiment 3.

Weight loss Height of albumen Quality score
Factor ANOVA  Percentage ANOVA Percentage ANOVA Percentage
of of variance
variance variance

Storage time *% 15.8 * 3.7 ** 3.3
Shaking ** 12.7 ** 62.5 =  68.5
Position Il.8. - s 320? * 27-2
Place of egg in *% 5.1 1/ 1/

tray
Place of egg in > 65.3 1/ 1/

case

Storage time X ** 0.3 * 0.5 *x 0.5
shaking level
Storage time X NeBe - ** 0.4 ** 0.k
position of egg
Storage time X * 2.1 2/ 2/

plece of egg in

tray
Storage time X * 0.6 2/ 2/

place of tray

in case
Shaking level X 1'1.8. —~ n.B. had n.B.

position of egg

" Factor interaction n.s. - *E 0.1 * 0.1

Not aceounted for - 0.1 - 0.1 - 0.1

* P>0,05 ¥ Px0,01 n.s. - not significant
1/ Effect not determined. f

g/ Not appl. able. i

et

FOPRPIIE =R .




